Abstract -The effect of applying auxiliary pulses to the address electrode during the sustain period on the discharge characteristics of an AC plasma display panel was investigated. When auxiliary pulses of IOOV and 250wIz were applied to the address electrode during the sustain period, the maximum sustain. voltage was found to decrease by 14% while the minimum sustain voltage increased by 15% when compared to the case of a grounded address. It was also found that higher frequency auxiliary pulses resulted in a higher luminance in the sustain discharge. Consequently, the application of a pulse of IOOV and 25OWz to the address electrode during the sustain period improved the luminous efficiency by 12%. display panel.
I. INTRODUCTION
C plasma display panels (PDPs) are currently the major device in the large flat TV market. However, their luminous efficiency is still low. The plasma phenomena and plasma-surface interaction in PDP cells are very complex and not well understood due to the very small discharge volume. Also, the light generation mechanism of a PDP has a very low efficiency. In general, plasma display panels use ultra violet rays emitted from a gas-mixture discharge, such as Helium + Xenon or Neon + Xenon, to stimulate the photoluminescence phosphor. Of the power inputted into a plasma display panel, only 2% is used to produce vacuum ultra v i o l e t ( W ) , and 90% of the VUV energy is lost when visible light is emitted from the photoluminescence phosphor. Consequently, a lot of effort has been made to solve this low efficiency problem. There are two main options for improving the luminous efficiency of a plasma display panel. One is to optimize the cell structure and driving scheme, while the other is to identify an efficient discharge mode that can he applied to a small plasma display cell. As regards the latter, positive column discharge [I] , hollow cathode discharge [2], radio frequency discharge [3] , and high xenon-content discharge [4] have all been considered for displaying pixels. Yet, although these highly efficient discharge modes can produce a drastic improvement in luminous efficiency, they are not easy to apply to practical plasma display cells.
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[7], all of which are relatively easier to apply to practical plasma display pixels. In previous work by one of the current authors, pulses were applied to the address electrode only at the rising time of the sustain pulse [SI. Accordingly, in the present study, pulses were applied to the address electrode independent of the rising and falling time of the sustain pulses. The technique of applying an auxiliary pulse to the 3rd electrode during the main discharges uses the ionized and excited particles to perturb the main discharge [9] . As such, auxiliary pulses have a direct affect on the ionized particles and indirect effect on the excited particles, thereby improving the luminous efficiency [9] . Therefore, the current study investigated the effect of the frequency and voltage of auxiliary pulses applied to the address electrode on the luminance and luminous efficiency.
11. EXPERIMENT A 2.54-inch ac plasma display panel was used, as shown in Fig.1 , along with conventional ac surface. One display pixel consisted of three sub-pixels, red, green, and blue. Each suhpixel had three electrodes: one address electrode and two sustain electrodes. Fig. 1 shows a schematic diagram of the cell structure of the ac plasma display test panel used in the current study. As usual, the-ac plasma display panel consisted of two plates: the front plate and hack plate. For the back plate, the address electrode was formed using the screen print method and coated with a white opaque dielectric layer. Then, barrier ribs, 120" in height, were formed using the sand blasting technique. Finally, red, green, and hlne phosphors were formed at each sub-pixel. The distance between the two address electrodes was 0.36mm, which was the pitch of a subpixel. For the front plate, transparent sustain electrodes made of Indium Tin Oxide (ITO) were patterned using photolithography, as shown in Fig.1 . One display pixel requires two sustain electrodes to maintain the surface discharge, see X and Y in Fig.1 . The distance between the two sustain electrode was fixed at 80km. The transparent electrodes were so thin that bus electrodes were needed, which were also formed using the screen print method. Next, the front plate was coated with a transparent dielectric film, 30km thick, using the screen print method, then an MgO. film, 5,0008, thick, deposited as a final protective layer over the transparent dielectric film using the electron-heam evaporation method. A Helium (30%) + Neon (66%) + Xenon (4%) gasmixture was used as the discharge gas with an operating gas pressure of 40OTorr. A new driving scheme for the ac plasma display panel was introduced to determine the effect of applying pulses to the address during the sustain period. In the current study, the frequency of the pulses applied to the address electrode was varied. The maximum and minimum sustain voltage were then measured when the auxiliary pulse was applied to the address electrode during the sustain period. In addition, the luminance and the luminous efficiency were investigated as a function of the frequency and voltage of the auxiliary pulses. Fig.2 shows the pulse waveform used in the current study. The pulses applied to the X and Y electrodes were almost identical to the conventional waveforms of a tri-electrode surface discharge AC plasma display panel, i.e. the waveforms used in the Address Display Separated Period (ADS) scheme. In contrast, the pulse waveforms applied to the address electrode differed from those used in the ADS scheme. In particular, the auxiliary pulses were applied to the address electrode during the sustain period. Similar to the ADS scheme, the waveforms consisted of three periods: reset, address, and sustain periods. The reset period also consisted of three parts, RI, R2, and R3: RI and R3 were for erasing the wall charges, while R2 was an all-write pulse that created wall charges for all the cells. During the reset period, the wall charges in the display pixels were equalized or removed after erase, all-write, and erase pulses. Here, V, was 35OV and V,,,,, was 16OV. During the address period, an address pulse (V,) and scan pulse (V,,,,) were applied to those pixels in an on-state. The wall charges~ were generated by V,,,. and V, during the addressperiod. Here, V, was lOOV and V,,,, was 16OV. The wall charges then remained on the dielectric surface'until sustain pulses were applied to the X and Y electrodes. Here, the voltage'of the sustain pulses was 180V. During the sustain period, surface discharges occurred between the two.sustain electrodes at the pixels selected to reteive the address pulse (V,) and scan pulse (Vscan). In the current study, the auxiliary pulses were applied to the address electrode during the sustain period, whereas in the conventional scheme, no pulses are applied to the address electrode during the sustain period. In previous work by one of the current authors, the pulses applied to the address electrode during the sustain period were synchronized with the sustain pulse at; the rising time [8] . The luminance and luminous efficiency were then investigated as a function of the voltage and dutyratio of the pulses applied to the address electrode Fig.3 shows the maximum sustain voltage as a function of the frequency and voltage of the auxiliary pulses applied to the address electrode during the sustain period. The maximum sustain voltage was about 212 volts when the address electrode was electrically grounded during the sustain period. When the voltage of the auxiliary pulse was increased, the maximum sustain voltage decreased. The effect of ihe frequency of the auxiliary pulses on the maximum sustain voltage was also investigated. As shown in Fig.3 , the maximum sustain voltage slowly decreased with an increase in the frequency'of the auxiliary pulse ai a lower voltage. While at a higher voltage, the impact of the auxiliary pulses on the maximum sustain voltage was quite significant. In the case of IOOV and 2OOkHz auxiliary pulses applied io, the address electrode during the sustain period, the maximum sustain voltage decreased by 14% compared to the case ofthe grounded address. As regards the pulse discharge, the maximum sustain voltage was largely dependent on the space charges during the glow and the metastable particles during the after-glow. Plus, when perturhation occurred, such as the electric field produced by applying pulses around the -main discharge, the space charges were directly influenced during the glow and the meta-stable particles indirectly influenced during the after-glow. In the current work, the auxiliary pulses applied to the address electrode played the role of perturbation during the sustain period. The higher the frequency of the auxiliary pulse the higher the perturbation in the sustain discharges. In general, the minimum sustain voltage is largely dependebt on the wall charge state. The auxiliary pulses applied to the address electrode appeared to have a negative affect on the wall charges, which accumulated on the surface of the sustain electrode. As mentioned in the previous study by one of the current authors, the auxiliary pulses attracted a small amount of the wall charges from the MgO surface of the sustain electrode to accumulate on the phosphor layer above the address electrode [SI, thereby lowering the minimum sustain voltage. Fig.5 shows the luminance of the sustain discharges as a function of the frequency and voltage of the auxiliary pulses applied to the address electrode during the sustain period. The luminance increased as the frequency and voltage of the auxiliary pulses increased. As mention before, the auxiliary pulses indirectly affected the excited species related to the luminance of the display pixel. As such, higher frequency auxiliary pulses resulted in a higher luminance in the display pixels. Fig6 shows the luminous efficiency of the sustain discharges as a function of the frequency and voltage of the auxiliary pulses applied to the address electrode during the sustain period. Similar to the luminance result, a higher voltage and frequency produced a higher luminous efficiency in the display cells in the AC PDP. ln the current study, the luminous efficiency increased when the luminance increased based on the use of auxiliary pukes applied to the address electrode during the sustain period. The luminous efficiency of the sustain discharge when applying IOOV and 250kHz auxiliary pulses to the address electrode was improved by 12% compared to the case of the grounded address electrode during the sustain period.
RESULTS AND DISCUSSION

IV. CONCLUSION
The current study investigated the frequency dependency of auxiliary pulses applied to the address electrode during the sustain period on the maximum and minimum sustain voltage. The maximum sustain voltage decreased as the frequency and voltage of the auxilialy pulses increased. The minimum sustain voltage increased with an increase in the frequency and voltage of the auxiliary pulses due to a change in the wall charee state of the MnO surface above the sustain electrode.
